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We report here the first application of laser desorption (LD) in transmission geometry
(backside irradiation of the sample through a transparent support) inside a Fourier-transform
ion cyclotron resonance mass spectrometer (FT-ICR). A probe-mounted fiber optic assembly
was used to simplify the implementation of this LD technique. This setup requires little or no
instrument modifications, has minimum maintenance requirements, and is relatively inexpen-
sive to build. The performance of the probe was tested by determining the molecular weight
of a commercial polystyrene standard from its matrix-assisted laser desorption/ionization
(MALDI) spectrum. The measured average molecular weight is comparable to that obtained
for the same sample by MALDI in the conventional top-illumination arrangement (reflection
geometry) and by the manufacturer of the sample by gel permeation chromatography. The
average velocities measured for ions evaporated by transmission mode LD of several neat
samples are about half the velocity of those obtained by using the reflection geometry.
Therefore, transmission mode irradiation of the sample holds promise to desorb ions that are
easier to trap in an ICR cell. An oscillating capillary nebulizer was adapted for the deposition
of analytes to improve sampling reproducibility. (J Am Soc Mass Spectrom 1999, 10,
1105–1110) © 1999 American Society for Mass Spectrometry
The implementation of matrix-assisted laser de-sorption/ionization (MALDI) has facilitated themass spectrometric study of a wide variety of
high-mass, thermally labile compounds (e.g., synthetic
polymers, oligonucleotides) [1–4]. MALDI coupled
with Fourier-transform ion cyclotron resonance mass
spectrometry (FT-ICR) allows analyses of these com-
pounds with high sensitivity and resolution [5–7].
However, the trapping efficiency of high-mass laser
desorbed ions in FT-ICR is limited by their high axial
kinetic energies [8–10].
Among other methods [6], gated ion trapping (ap-
plication of gated retarding potentials) has been widely
employed to reduce the kinetic energies of laser de-
sorbed ions as they travel into the FT-ICR cell. This
technique has become part of the standard MALDI
protocol for FT-ICR because it is simple to implement
and allows analysis of high-mass ions [11]. However,
the upper-mass limit of laser desorbed ions that can be
trapped in the cell by using this technique (;9000 u for
a 3 tesla FT-ICR) [12] is limited by the magnitude of the
decelerating potential that can be practically applied.
Furthermore, gated ion trapping is a kinetic-energy
selective process, and hence inefficient for simultaneous
trapping of ions covering a wide range of kinetic
energies (e.g., MALDI of polymer samples) [13]. A
means to evaporate high-mass ions with relatively low
kinetic energies by laser desorption could greatly im-
prove analysis of these species by FT-ICR.
Most laser desorption/mass spectrometry experi-
ments are performed by depositing a sample onto a
suitable support and subsequently irradiating the sam-
ple from the side facing the mass analyzer (reflection
geometry) [14, 15]. However, based on time-of-flight
mass spectrometry experiments, less energetic gas-
phase ions are produced [16] when the rear side of the
sample is irradiated through a transparent support
(transmission geometry) [16–19]. Therefore, transmis-
sion mode irradiation may provide an attractive alter-
native for laser desorption in FT-ICR.
We report here the first application of transmission
mode LD to FT-ICR. The experiments involved a probe-
mounted optical fiber assembly similar to that em-
ployed earlier to perform transmission mode LD inside
a quadrupole ion trap mass spectrometer [19]. This
approach is attractive for studies in FT-ICR because it
allows the implementation of transmission mode LD in
different FT-ICR mass spectrometers with little or no
instrument modifications and minimal maintenance
requirements. The performance of the transmission
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mode LD probe was tested by comparing the transla-
tional energies of ions desorbed into the FT-ICR in the
transmission and reflection geometry. These experi-
ments require reproducible sampling of the analyte, i.e.,
uniform crystal size distributions throughout the sur-
face of the sample. To achieve these conditions, an
oscillating capillary nebulizer (OCN) [20, 21] was
adapted for the deposition of samples.
Experimental
Two FT-ICR mass spectrometers were used in these
studies. Reflection geometry LD was achieved in a dual
cell 3 tesla FT-ICR mass spectrometer (Finnigan model
2001) that was equipped with a commercial LD setup
(Figure 1a). Transmission geometry LD was accom-
plished using a novel probe that operates through the
manual insertion probe inlet of another 3 tesla dual cell
FT-ICR (Extrel model 2001) (Figure 1b). Details of the
Extrel 2001 instrument have been described previously
[22–25]. The instruments are essentially identical except
that the Finnigan model includes an automated solids
probe assembly (autoprobe) and a slightly different
vacuum system. The laser employed in the reflection
geometry LD arrangement is a Laser Science nitrogen
laser (337 nm wavelength, 3 ns pulsewidth, ;200 mJ/
cm2 over a sample irradiation area of about 1024 cm2).
Transmission geometry LD was accomplished by 355
nm light obtained from the output of a Continuum
Minilite 10 Nd:YAG laser (355 nm wavelength, 3 ns
pulsewidth, ;200 mJ/cm2 over a sample irradiation
area of about 1023 cm2). The lasers have comparable
pulse widths (;3 ns) and wavelengths, which allows
comparison of the results. Different substrates (solid
sample support) were employed for reflection and
transmission LD experiments (stainless steel for the
former and untreated glass for the latter). However, this
is not expected to result in significant differences in the
energetics of the ejected ions, based on recent studies of
substrate effects on the laser desorption process [26].
The commercial LD setup consists of a set of mirrors
that direct the laser light through a fused silica window
in the cell flange into the high vacuum region of the
instrument. A second set of mirrors inside the vacuum
chamber further directs the laser beam through a focus-
ing lens and onto a mirror positioned directly above the
source cell. This mirror reflects the laser beam onto the
stainless steel surface of the autoprobe tip (sample). The
setup includes a sample visualization system to facili-
tate the alignment and focus of the laser beam at the
sample surface.
The probe constructed for transmission geometry LD
was designed to operate through the inlet normally
used to insert the commercial thermal desorption
probe. Similar probes have been developed previously
for LD studies in other mass spectrometers [19, 27, 28].
The LD probe developed here consists of a hollow
stainless steel cylinder (1.26 cm outer diameter, 0.95 cm
inner diameter) that supports a UV transparent vacuum
seal (CVI Laser, Fused Silica Quartz Window, 8.89 mm
diameter, 2.0 mm thick) and a 200 mm thick glass
sample holder (Fisher Scientific, Pittsburgh, PA). The
seal (quartz window fixed with epoxy at the end of the
cylinder) maintains vacuum integrity (#1029 torr in the
source cell) when the probe is inserted into the mass
spectrometer. The sample holder consists of a separate
detachable 2.54 cm stainless steel segment that is posi-
tioned at the end of the main stainless steel cylinder in
the high vacuum side. The sample holder has the same
dimensions as the main cylinder and was designed to
hold the sample at a fixed distance from the quartz
window. This design also facilitates sample replace-
ment (Figure 2).
Another stainless steel cylinder (0.927 cm outer di-
ameter, 0.762 cm inner diameter) slides into the hollow
cylinder wherein it rotates freely. The smaller cylinder
supports the output end of a 5 m long optical fiber (3M
Specialty Optical Fibers, West Haven, CT) that has a 365
mm core and 0.22 numerical aperture. The fiber optic
allows transmission of up to 500 mJ of 355 nm light from
the output of the Nd:YAG laser. The inner cylinder also
contains two lenses (Melles-Griot, Irvine, CA) that focus
the light from the output of the fiber optic onto the
backside of the 200 mm glass substrate that is coated
with a thin film deposit of the sample. Aluminum fiber
Figure 1. Diagrams depicting (a) the commercial setup for laser
desorption in reflection geometry and (b) the new setup for laser
desorption in transmission geometry in FT-ICR.
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optic ferrules were designed and constructed to provide
an interface at the laser-to-fiber input and at the sample
irradiation stage, where spatial restrictions are demand-
ing. A delrin fitting was machined to maintain the end
of the ferrule at a fixed distance from the first lens. This
positioning is critical to insure proper 1:1 imaging of the
365 mm light spot at the sample. The entire assembly
has the same appearance and dimensions as the com-
mercial manual insertion solids probe, and is operated
in the same manner.
The OCN [20, 21] was adapted for the production of
high-quality thin films onto glass (for backside illumi-
nation) and stainless steel surfaces (for top-illumina-
tion) (Figure 3). The OCN consists of a pair of fused
silica capillaries (Polymicro Technologies, Bloomfield,
NJ) that are arranged coaxially and friction-fit mounted
with appropriate size PEEK tubing (Upchurch Scien-
tific, Oak Harbor, WA) on a 1⁄16 in. Swagelock union tee.
The dimensions of the capillary tubes were chosen such
that an annular spacing was created between the inner
surface of the large capillary (i.d. 250 mm, o.d. 350 mm,
30 mm long) and the outer surface of the small one (i.d.
50 mm, o.d. 150 mm, 80 mm long). The large diameter
capillary was supported at one end of the tee with a 12
mm long PEEK tube having an inner diameter of 0.508
mm and an outer diameter of 1.5875 mm. The small
diameter capillary was friction fit at the opposite end of
the Swagelock tee by using a 30 mm long PEEK tube
with inner and outer diameters of 0.1778 and 1.5875
mm, respectively. The latter capillary-PEEK tubing ar-
rangement was inserted into a 10-32 stainless steel
fitting (Upchurch Scientific, Part Number F-140) which
was fastened to a quick-connect 10-32 to female Luer
adapter (Upchurch Scientific, Part Number P659). The
analyte solution was introduced into the small capillary
of the OCN through a 250 mL syringe that was coupled
to the capillary at the Luer adapter. Solution delivery
into the capillary was controlled by a single syringe
infusion pump (KD Scientific, Boston, MA). The nebu-
lizing gas (He) was introduced into the annular space
between the capillaries through the side port of the
Swagelock tee via teflon or stainless steel tubing (i.d.
1.016 mm, o.d. 1.5875 mm) from a high-pressure gas
cylinder. The input gas line was pressurized at about
150 lb/in.2 with helium by using a standard pressure
regulator. The gas flow causes the small inner capillary
to oscillate at a high frequency, which results in nebu-
lization of the liquid solution at the capillary tip.
Analyte solutions were delivered into the OCN at a
typical flow rate of 5 mL/min. A typical distance
between the output end of the OCN and the sample
deposition stage was 3 cm. Substrates were spun on a
rotational stage (250 rpm) during aerosol deposition to
obtain an even analyte distribution throughout the
substrate surface. Because of the small size and narrow
distribution (22–30 mm) [29] of the crystals obtained by
using the OCN method, samples on each spot were
consumed after 1–3 laser shots in transmission mode
LD. However, the probe allows irradiation of multiple
sample spots for signal averaging of the mass spectra.
The sample preparation procedure described by Pas-
tor and Wilkins [12] was followed for MALDI of poly-
styrene (tetrahydrofuran as solvent, silver nitrate as
cationization agent, 2,5-dihydroxybenzoic acid as ma-
trix; the polymer/matrix molar ratio was 1:1000). The
OCN method was used for the deposition of samples
for MALDI analysis. The MALDI/FT-ICR spectra were
produced by using the gated trapping technique [8–10].
This technique involves simultaneously grounding the
front source trapping plate (0 V) and applying a decel-
erating voltage at the middle trapping plate (9.0 V)
when the laser is fired. These voltages were maintained
over a time interval between 20 and 120 ms (depending
on the mass of the ion) to decelerate the incoming
laser-desorbed ions. After this ion deceleration period, a
potential of 2 V was applied to the trapping plates to
store ions for about 0.5 s before the detection events.
The optimum gated trapping time was determined by
monitoring the ion population in the cell as a function
of the time interval used for ion deceleration.
A broadband chirp excitation sweep (from 1.9 kHz to
2.6 MHz; 200 V peak-to-peak; sweep rate 1000 Hz/ms)
was chosen for excitation of ions prior to detection. The
time domain data was subjected to Hanning apodiza-
tion, followed by augmentation of the data set by an
equal number of zeroes. Frequency domain spectra
were obtained by magnitude mode Fourier transforma-
tion of the time domain data set. All spectra were
Figure 2. The sample irradiation region of the probe designed for
transmission geometry laser desorption experiments.
Figure 3. Schematic illustrating the adaptation of an oscillating
capillary nebulizer for the deposition of samples for laser desorp-
tion. See text for details.
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produced by collecting 128 K data points at an acquisi-
tion rate of 8000 kHz. Each spectrum presented is the
average of three spectra except where otherwise noted.
Negative ion spectra were acquired by using the same
approach as described above, except that negative po-
tentials were applied to the trapping plates.
Results and Discussion
Implementation of transmission geometry MALDI in
FT-ICR is relatively simple by using the probe-mounted
optical fiber assembly described above. Little or no
instrument modifications are needed. Furthermore, it is
necessary to set the optics only once upon construction
of the probe: they do not need to be adjusted after that.
The data obtained with this apparatus is comparable to
that obtained by using the commercial reflection-geom-
etry MALDI setup. This was demonstrated by perform-
ing MALDI of a well characterized polystyrene sample
in both irradiation geometries (Figure 4). To insure a
fair comparison of the data, a modified oscillating
capillary nebulizer (OCN) was employed for aerosol
deposition of samples. The reproducibility and inten-
sity of the MALDI spectra obtained from OCN depos-
ited samples are similar to those reported for MALDI of
electrosprayed films (frontside irradiation) [30, 31]. Ta-
ble 1 shows the molecular weight averages determined
for the polystyrene 2500 standard. The results compare
favorably with similar measurements presented in the
literature [12]. This data demonstrates that transmission
mode MALDI is feasible in FT-ICR.
As mentioned above, previous studies [16] suggest
that transmission mode irradiation is better suited than
the reflection mode for LD in FT-ICR. The authors of
those studies found that the velocities measured by
TOF mass spectrometry for ions evaporated by MALDI
in transmission geometry were lower than those ob-
tained by using the reflection geometry. The results
were rationalized in terms of a thermalized plume
model, which assumes that elastic collisions occur
among plume constituents that are ejected during trans-
mission mode MALDI. However, the authors cautioned
that the measured ion flight times may have been
influenced by the accelerating potentials employed to
extract the ions from the LD region into the flight tube.
Furthermore, considerable variations were observed in
the velocities of ions that were desorbed from different
irradiation spots from the same sample as well as
among several preparations of the same analyte. The
sample preparation protocol employed in those studies
results in a broad crystal size distribution (50–300 mm).
Therefore, the fluctuations in the measured ion veloci-
ties can be explained based on recent studies which
suggest that the efficiency of volatilization by LD varies
as a function of the crystal size in the sample deposit
[32].
The gated ion trapping technique was employed
here to assess the velocities of laser-desorbed ions in the
FT-ICR mass spectrometer. The relevant experimental
parameters for gated ion trapping are the magnitude
and duration of the decelerating potential applied to the
middle trap plate (see Figure 1). The magnitude of the
potential is held at a fixed value to define the largest
possible kinetic energy of ions that were effectively
trapped inside the ICR cell. A given duration of the
applied potential (gated ion trapping time) is optimal
for trapping laser-desorbed ions that travel with roughly
the same specific velocity. When a population of laser
desorbed ions possesses the same m/z ratio, increas-
ing the gated ion trapping time results in trapping of
ions with successively lower velocities. The optimum
gated trapping time (the time at which the greatest
population of ions is effectively trapped in the ICR) is
related to the mean forward velocity of the laser-
desorbed ions. Thus, the trend measured for the opti-
mum gated trapping times of ions evaporated by both
LD modes implies a corresponding trend in the veloc-
ities of the ions.
The optimum gated ion trapping times were mea-
sured for three ions of different mass (C60 radical cation
of m/z 720, and two negative ions, the 2,5-dihydroxy-
benzoate ion of m/z 153 and the a-cyano-4-hydroxycin-
Figure 4. MALDI of a polystyrene 2500 standard. Silver nitrate
was used as a cationization agent and 2,5-dihydroxybenzoic acid
as matrix. The spectra are mass corrected for silver. (a) Reflection-
mode MALDI spectrum resulting from 81 averaged scans. (b)
Transmission-mode MALDI spectrum resulting from an average
of 30 scans. The gated trapping time that was used to acquire the
transmission-mode MALDI spectrum was 15 ms greater than that
used for the reflection-mode MALDI spectrum.
Table 1. Molecular weight averages (weight average—Mw,
number average—Mn, and polydispersity—f) determined for
polystyrene 2500 standard from MALDI data (see Figure 3). The
molecular weight averages from the manufacturer’s gel
permeation chromatography results are included for comparison
Method Mw Mn f
Reflection mode MALDI 2631 2578 1.02
Transmission mode MALDI 2558 2493 1.03
Manufacturer’s GPC 2430 2300 1.06
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namate ion of m/z 188) desorbed in the reflection and
transmission mode from neat deposits (Figure 5). In all
cases, the trapping times were longer by at least 15 ms
for the ions evaporated by transmission mode LD. On
average, the mean ion velocities obtained in the trans-
mission mode were about half of those obtained in the
reflection mode (based on estimated ion velocities,
defined by the distance of the sample and the center of
the FT-ICR cell divided by the gate time). Our qualita-
tive result is in agreement with the relative velocities
measured for ions generated by MALDI in TOF [16].
However, the differences in the optimum gated trap-
ping times measured here for the two irradiation geom-
etries decrease with increasing mass value of the de-
sorbed ions (Figure 5). The trend in the data does not
follow that predicted by the thermalized plume model.
This is likely the result of the sample preparation
method employed in this study, which is incompatible
with the experimental conditions that led to the devel-
opment of the model.
The deposition of samples by using OCN results in
better reproducibility between preparations, uniform
distribution of small crystals, and good sampling con-
sistency throughout the surface of the deposit. Because
of the small size of the deposited crystals in the sample,
a high efficiency of volatilization was expected. Further-
more, the interface between the sample back surface
and the glass substrate surface contained little or no
gaps for collisional mixing between the plume compo-
nents ejected during transmission mode LD. Therefore,
the velocities of the molecules desorbed in transmission
geometry from spray deposited samples were probably
only partially randomized, and the resulting plume is
likely to maintain a strong forward velocity component.
Despite these unfavorable conditions, the results from
the gated ion trapping measurements show that mole-
cules ejected during transmission mode laser desorp-
tion have lower velocities (and therefore lower kinetic
energies) than the same ions evaporated by using the
conventional top-illumination approach. These results
suggest that transmission mode LD is an inherently less
energetic process than reflection mode LD. Therefore,
transmission irradiation is better suited for MALDI
studies in FT-ICR.
Conclusions
The laser desorption probe described here simplifies the
implementation of transmission geometry LD to FT-
ICR. The MALDI spectra obtained with this probe are
comparable to those obtained by using a commercial
reflection geometry LD system. Examination of the
average flight times of laser desorbed ions demon-
strates that the ions evaporated in transmission geom-
etry have inherently less translational energy than those
evaporated in reflection geometry. Therefore, transmis-
sion mode irradiation holds promise to improve the
trapping efficiency of ions evaporated by MALDI in
FT-ICR. The experiments described above required uni-
form crystal size distributions throughout the sample.
An approach based on an oscillating capillary nebulizer
was developed for this purpose. By using this approach,
samples can be deposited onto stainless steel or glass
substrates, reproducible mass spectra are obtained and
correlations between the measured ion signal and ex-
perimental parameters can be established.
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Figure 5. Trapping of laser desorbed ions as a function of flight
time: (a) the 2,5-dihydroxybenzoate ion (m/z 153); (b) the a-cyano-
4-hydroxycinnamate ion (m/z 188); and (c) the C60 radical cation
(m/z 720). The mean flight times of the laser-desorbed ions were
compared in the transmission and reflection irradiation modes.
The plotted flight times were corrected for the delay between the
application of the trigger and the time when the laser actually
fired. Note that the first two plots result from mass spectral data
that were collected in the negative ion mode.
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